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ABSTRACT 

This paper argues that if conolusions about 
children's grasp of logical concepts are to be reached and acceptable 
lines of research folloired, then more precise definitions Df the 
concept *«logical necesEity" must be formulated* The paper defines 
logical necessity as ^'the unconditional guarantee of truth that 
accompanies valid deduction from axiomatic premisas*" It then shDws 
that whereas hypothetical conservation and transitivity problems have 
solutions that are accompanied by logical necessity, physical 
embodiments of those problems as tasks do net* The remaiadar of the 
paper outlines problems associated with learning logical concepts 
from physical examples^ and discusses the ambiguity of tha word 
iifflust." It suggests a set of criteria for inferring a grasp of 
logical necessity and briefly discusses the consonance of the idias 
presented with those of Jean Piaget* (FL) 
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On m&t Must Be - More Thm Just Associations 

adhere has been a eonsiaemble shift in views o£ thel.jioal 
eompetence of small children. Much of this has accompimefl. a re- 
eximlaation of tasks, typically ones devised by Pia^et and his co- 
• workers. Krom the work of inter alia, Bryant end Trabasso (1971), 
ftoGfl-rigle and Bonaldson (1974), Rose & Blank (1974) a lot has been 
le^t about tasks such as traisltivity and conservation, ui particular 
about Low children's perfomance of theie tasks may be affeeted by 
factors not previously considered. 

these researchers have done Is exgae that the method of 
presentation of Piatefa probleos can lead to inappropriate estimates 
of the child's competence. 23iey have explicitly or ioplicitly regarded 
ttese tasks as requiring certain loffical abilities for their solution. 
So once the transitivity task had been tidied up, by prsventias correct 
responses based on parroting mi ensuring that the comparisons had been 
remembered then it tested deduotlve traasltive inference. 

Similarly If suitable steps are taken to ensure the child's under- 
Btandlng of the conservation task m the way Intended by the es^erimenter 
then the child's answer results from deductive reasoninff and may be seen 
as following with lagical neceosity. 

The concept of loffical aecesslty has received a lot of attention - 
ttom ^loso:^ers (ffiieale & aieale, I962). The feature of it that has 
most troubled asaociatloniBts, or empiricists, is its ^conditional 
ffiarantee of tmth which seeffls inposBlble to derive from experience. 
One of the moat eoomon exMples of a oonolusion accompinid by logical 
aeoeaBlty is " 1+1 ='2». Given the definitions of the number ipibols 
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number base and Blgna this stattment can be deduced with logical 

necessity. The atatemen-fc is Independent of experience in that no 

one could reasonably psrpiiade us to doubt It with aay form of demonstration. 

Vhat makea this statemer '- independent of experience is that it is 
not prinoipally a statemgnt about the world of objects althoii^ i1. can 
be applltd to that world, Prlnelpalljr it is a statement In a closed 
eyatem of defliiitions and rulea which allows it to be validly deduced, 

to tiie nesct aeotion a definition of loglcaJ. neceislty will be 
given that tafcea aoooimt of the above pTOperties^ It will be Bho\m 
that whereas hypothetical conserYation transitivity problems have 
Bolutiona which axe aooompamed by lofical neoeeaity, physical embodimenti 
of theee problems as tasks do not, m aubsequent seotiona problems 
assooiated with learning logical ooncepts from ^ysical ejcamples are 
mitlined and the aabi^ty of the woM *must« disouaaed, A set of 
orlteria for Inferaing a ffrasp of loglc^ necessity is susffeated ^d 
the conaonance of the ideas presented with Placet's ideas briefly 
dlacuased, 

Wiat is logloal necesaity ? * - . 

logioal neoeaaity can be defined as the 'imconditlonal guarantee 
of trutii that a^companiea valid deduction from aMomatie premises 
Eie virtues of this definition btb that it makes e^lioit the reatriotions 
of logioal necessity a) to ttie world of statements and b) to deductive 

as opposed to inductive reasoning. 

Conservation and transitivity only follow with logical necessity 

in tte abstr^t or the JOTottietioil. No ^yslcal demonatration or 

eabodlment of -ttie ahatract forms carries with it lofical necessity. 

SueoeBS or fallur© of these tasks is Indepfndent of a er&s^ of logical 

V 
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necessity, A mote explicit treatment of these tasks followB. 
faansltiylty 

In the lenffth transitivity tcsk a child nay be shown a series of 
length cofflparlsons between Btlcks A,B,C,D,& E. Prom aeeine that stick 
B was longer thaji stick 0 md that stick C was longer than stick D, 
he may infer that stdok B is longer than stick B. Ihis would be a 
transitive inference but not necessarily a deductive inference. It 
would not be a deductive inference if it was based on the child's 
e:^erienoes of relations of length. For althou^, such experiences 
nay increase confidence even to the point of subjective certainty, 
they do not and cannot yield logical necessity. 

If the child gives a wrong judgement, it is possible that the 
child understands logical necessity, but is uncertain whether the 
plwsical embodiment oustifles a atral^tforward application as the 
e\i3urimenter intends. Either adstrust of the v^idlty of the com- 
parisons or a belief that the lengths of one or more of the relevant 
Btlcks had changed woiild be sufficient to Justify such uncertainty. 
Such mioertatoty would be miy Justified ^ the followj^ exBrnple, 
Take three ductile rode A,B,M, ahow that A is longer than Bf aovartly 
apply tenaion to B eo that it im now considarably longtr than A and 
fill^itly longer thm 0, Siow -fcat 1 Is lo^r "^an 0^ It would 
ttan b# that A wai longer than B, B Is now^ longer tiiaa C, hut A 
ie shorter than Om 

New it M^t he said that this is trlokt^ because of tte 
dlf f erenoe >ttween the initial and fln^ length of B. ^ an 
ordte^ le^th transitiYlty task the materials used are not so 
duGtlle and no such underhand action is c^ried out. Of course 
eaqperimenters ma^ toiow the irrelevance of ductility m the phyiioal 
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embodiment of the transitivity problem they use but why ihould their 
eubjscts. It seems open to quc;.tion \^ether children imderstsM the 
properties of materials such as elaatioity and duotility as they apply 
to the ffiaterials iised. 

The example was Intended to bring out the dlfferenoe between the propositi 

ionaJl form of a transitivity problem and its translation into the world 

of real objects* Two important differences between propoaitional form 

and ^lysical embodiment emerge . UnlJie the propositional form the 

physical embodiment Involves temporal reference and additional information 

is required* Eie validity of the conclusion about the lengths mi the 

task depends on the nature of the materials In a way that Is qiu,te 

iUfferent from the validity of the conclusion m the propositional 

farm* The truth of the task judgtment is contingent in contrast to 

tte logics necessity of the propositional ooncluslon ( B^C, O^D, B^D), 

Comervatlon 

Ihe propositional form of eonservation problems la the seme 
Aether the domain is number or contJjmouB quantity * lakin d's (1967) 
symbolism will serves let S stand for the stand«d stimlus, T for 
the variable etlmulus Md 7» for V that has been transformed in some 
perceptually salient but quantitatively iraelevant way. If Sm 7p \ 
and V ^ YS then S ^ V» . Ohis ooncluslon based on the transitivity 
of aqt:^ity follows with logical necessity in this hypothetlcai fom. 
It is not subject to revision to the li^t of new evidence nor could 
one accept that it was merely a matter of oplnicn over which people may 
arfue while sharing the same defiMtlonu of the teiros. 

]ji Dosttoious qu^tlty conservation taeks however, there is consider- 
able scope for arpuQent because of 
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2m the fimdamental. Imprecision of meaauremdnt of continuoias 
quantity t 

J. toe neoeaaity for temporai reference. 

Take the traditional conservation of liQuid q^uantlty task, Tfero 
siiEdlar ai^td beakeM A and B are filled to similai levela with some 
liquid. Eie contents of the two beajcers are judged to he equal, ©ler 
the contents of one beaker (b) are poured into anotoer he^er of a 
dlfforent ehape, eay a wider one (C), Not only sm^l oMldren and 
unaohooled adults from other oultittes but also physical jsoientisti 
mi^t Judge tiiat the quantitiee are no long^ the same. 

To gtt tiie recalcitrant physio^ scientist to agree that the 
quaatities were the same severai stepi maj^ need to be taken, firstly 
one mi^t need to agree to define thb »samo smoun^i^ in a practical way 
3tecauge of ttie fundaments imprecision of measurement this definition 
wotdd probable cite confidence limits - e.g. »the B€^e amomit* meanine 
>rtthln 2 reflecting the believed accur^y of the available method 
of meaaurement. 

Nesrt one would have to affree to consider -Uie amount of liquid 
l#ft in B aa negligible. Ihls ml^t be unreaaonable if the liquid 
was hi^ily viscous ^ such aa treacle. 

JtotheKnore evaporation would have to- be l^ored* More of the 
llqidd in B would have evaporated by tte time it was In C and diiring 
the time it was in C becauae of increased rate of exchange due to the 
increased surface a^ea brou^t about by poittlng and by leaving to a 
trtder contatoer* ^etoer it was reasonable to i^ore evaporation would 
depend on ttie definition of equality, the d^ation of the twk, the 
ambl^t^teopeMture, and any local differences in tempea^tur©, and 
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the boiling point of the liquid, 

m each of these steps defliiltions have had to be a^eed or 
deviations from the real world allowed in order to preserve the 
psychologist. s view of what the correct answer is to the conservation 
question - -Miat is the relation between the quantitiei iii A «id C?» 

physical Boientist nl^.t Justifiably contend that it is the 
psychologist who should chaji^e Ma view of the physical world. It 
la the psychologist 'B ipiorance of the phjraical world that lets him 
regard the static temporally independent picture illicit in his 
logical analysis as a realistic and general description of the world 
of liquids. If the psychologist was a physics student the phsraical 
Bclentist ml^t regard Mm as being in need of remedial teaching. 

Should the psychologist dare to say that the quantities in A 
and G nust be the same because of the reversibility of pouring, the 
^sical scientist mi#it raise Ms eyebrows at this failure to 
coii5)rehend the increased rate of exchange during pouring. 

to practice the transfoimations used In contimious quantity 
conservations tasks do alter the quantities, albeit generally minimally. 
Conservation of vol^me will not be a reasonable ej^ectation if the 
substance is compressible and/or the liquid has a M^ density. 
Conservation of vel^t hardly ever happens when a ball of ol^ is 
rolled. out or cut into smaller pieces - the water content of clay 
tends to evaporate, and clay tends to stick to one's hahds. 

ae view of conservation suggested here is one of a logioaa 
pwiblem with distinct difficulties in its translation into the 
physical world, ais is very different ^ ^oa Itogaret Mead (15S0) 
1*0 considered the ability to COTserve as basic to' swvival and 
different ftoo Greenfield (1966) who regarded conservation as a 
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baslQ law of the ^ysic^ world. Cole and Scrlbner's (1974) assertion 
that •in desert aoimunitiea where water is a treasured coModity every- 
one ean be e^^eeted to oonfora to certain laws of conservationr (p.152) 
can certainly be challenged. Pourii^ water from a small bucket into 
a large one, and hence increasing the siirface area, can reasonably be 
e^gjeoted to result in a decrease of the mount of water with a temperatoe 
as high as that In the Aborigtoes' world. It is perhaps not so s^rielnc 
-Uien tiiat unschooled Aborigines with little contact with Vestem thoi;^t 
judge the quantities to have chafed to a conservation task. 

If the analysis of conservation tasks and problems outlined here 
sufiiests a reappraisal of the findiji^ ©f psyohologists using such tasks 
In the study of people from iLfferent cultures, it demands a r evaluation 
of the studies followi.^ the resistance to extinction stu^ by Siedslund 
(1961) md reviewed by Hall and Kaye (1978) and Shiatz,. Dover and Amsel 
(1979) • What has typically ha.ppened in toese s-hidles is that children 
and/or college stadents have been faced with nonconservation, !meir 
ooments and e^lanations have been taken to indicate whether or not 
they ,view conservation as a matter of empirical belief or a matter of 
logics necessity. Item the position taken here tMs is a false dichotomy. 
Conservation problems m their propositional £om. allow conclusions 
accompanied by logical necessity* ConseCTation tasks are principally 
natters requiring empirical belief, \toereas the conclusion of tihe 
propositional fom of the problem is not subjeot to revision to the 
llgbt of new evidence the conservation Judgement to the task is, or 
^ould be, TrtOiat dlsconfia:Mng evidence should do is m^e the subjeot 
E0-exaffltoe his assumptions about the totegrlty of the eD^eriaentert 
131© vall^ty of the meastirtog devloesp or the gootoess of fit of his 
model of the physical world, to p'artioular his representation of the 
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task, Bus is very different to denyir^ logical necessity which Hall 
& Kaye (1978) advocate as the gtrategf of a maximall;r adaptive or^msm. 

Eeluotance to c. jmsnt or Mcuae the es^arimenter of cheating ii, 
as Sraedsltmd (I969) pointed out^ not easy to ^terpret* Eowover such 
reluotanGe has been ueed as the oriterlon for extinction of oonservation 
to the majority of etudies (see Hall & &ye, 1978)* It is notable, and 
eli^tly puzzling, that in none of these studies were nonoonservlng results 
Qf number conservation t^ks given* Ihere are some grotmds for vlewii^ 
number coneervatlon tasks as more direct trinalations of oonservatlon 
problems than oonservatlon tasks involving oontinuouB quantities^ 
Mratly, the subject can be certain of the Initial equalityi if the 
IteM used are presented in such a way that tiiey oan be co^onted^ and 
liie lubjeot is a competent counter* So, unlike oontinuous quantity 
conservation tasks, nufliber conservation taaks do not suffer from the 
fundamental imprecision of iseasurementt 

Secondly the transfomationi used art not ones which future research 
is liable to suggest do alter number. However there are e^ra conditions 
that have to be made e^llcit, concerning the physical properties of the 
Items* If the items were min drops or drops of mercury mi one row was 
bunched together it is not clear that the number of drops to the two rows 
woid.d remato the saae* If the items were male mi female rabbits originally 
presented to individu^ cages and the transfemation consisted of putting 
one group In co^im^ c^es after some time the number of rabbits to the 
oomnunid cage mi^t v©^ well be different. 

Even to number oonservatlon tasks conservation only occurs, given 
the traditional tranaf omations g with specific classis of objectap 
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In this section much has been made of the distinGtion between the 
propQsltional form ani physic^ embodiment of a problfem. It has been 
olaimed that logical necessity, as defiaed here, only aocompfmies 
oonQlusione in the propositional form of the problem* Rirthemore 
the model of the ^yaioal world Implicitly assumed in a strai^t- 
forward application of the propositional form to the phyeioai world is 
Inadeqiiate, A revaluation of cross-cultur^. studies of cognition where 
tranBitiyity or conservation taake have been used haa been suggested* 
Reaistance to extinction s^dlee were olaimed not to assess a grasp 
of lo^cal necessity, 

spite of the exaiQples where Gonservation does not really oocur 
and in spite of the distinotion between propositional form Md physioai 
embodiment, there may still be reluctance on the pa^rt of the reader to 
aocept that the objections here ire real. It may be felt that children 
and adid.ts in conservation tasks are more likely to be treating the 
problem as a logical hypothetical one than bm a particular problem 
eonceming the items used* In other words children and adults Imow 
what experimenters intend to convey by their tasks* ^e question to 
be asked here is *How do es^eri^entera toaow that their subjects are 
TCSpondi^ to the l^rpothetical problem rather than the physical task?* 
It seems more reasonable to accept this as a sensible question, if 
Bomewhat diffici:J.t to answer, than simply to assiama tta question does 
not arise. 

In the follnwlng section ttim issue will be placed in another 
eontext, the use of ^yslcal eMffipleg Jji teaching matiiematical or 
lo^oiG. concepts. 
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You pan gee what I mean 

Teachers a^d psyohologietg, may seleot with ca^e or 'coMnon eense* 
. the items they use in providing j^slcal demonstrations or illuitratlons 
a£ hyipothetioal problems and mathematieal concepts, 

Unleea children have some notions of why the items used are good 
axa^les there are likely to he several possihle problems. They may 
not generalise at all or they may generalifie to contexts that we 
inappropriate. If they notice the dlSGrepmcy between what they tiiink 
ou|jit to happen and what does, ttiey may become coniHised and in the 
absence of a teacher resolve this confusion adversely. For example 
a child my attribute the diocrepancy to personal failure *I c^^t do 
thisS •I'm no good at mimbersN Altematively the child may come to 
view mathematioal generalizations which do follow with lo^cal necessity, 
aa no more Imune from revision those i^at do not, 1 child may 

come to interpret the word 'must* by whic'h the teacher intended to 
convey logical necessity as instead simply conveying the moral or 
social obligation sense of »must» bb in cases where he is told he 
^^B%^eo to bedj have a bath, or stop hitting his sister, ^e use 
of *must* in these latter contexts does not, as most if not all children 
BDom awa^a, preclude ^giment or inft'ingement. Indeed it is this use 
of 'must* that would seem from casual observation to be the preiralent, 
if not only, sense in tte youaag cMld's world. 

case of gaffies appeajM counter to this. Games such as chess, 
toau^tSi and nou^ts «id crosses do have systems of rides and deftoiticni 
toat allow deductive reasoning to take place and hence conclusions with 
laical necessity can be derived, ae diffictaty is to ensure the child 
distlnguishas between the logical neotssity of oonelusiong baaed on ttoe 
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mLes md the soelal otlipLtlon of the players to abide the rolei, 
Jiust as one oannot aaeume that chlldrea tmdaMtand •must* as 
inplytaf logieal ntoaealty when it ie said by adidts, so one oamot 
asffumd that ohildxan mmBn to imply logioal naeassity when they use 
the word ^imst« even ttioia^ tiie contesrt is appropfiate. «Nor need it 
iqply ttiat ttia statement Inolndisg toe word •oust' is a produot of 
deduetiTa reasoning. For these reasons ^naldson*s (1978) examples 
of ehlldran's ooments made while listening to stories are 

4 

not oonvlnolng evldenoe of "Uieir deductiTe poweM. 

Just as teachers are in danger if they rely on words suoh as ^moBt 

to convey logioal neoeesity so are psyoholof lets if they rely on the 
^Id's use of 'must' to j^er logioal necessity. A solution to the 
teaser's problem may lie In ttie use of examples and non*eTOiaples 
ftom a wide range of contexts to encour^e the abstraction of the 
ooncept. ^ the next section an attempt is made to solve toe 
psychologist's problem of a criterion or a set of criteria for 
toe grasp of logical necessity. / 
A set of criteria for the understandtog of logioal naeassity 

Logical necessity as deftoed In this paper is a complex concept. 
It is restricted to the world of hypotoetical propositions and deductive 
reasoning, iuch 'disembedded' toinking lS| as jDonaldson (1978) claims , 
not likely to be esqjected of, or experienced by, a child before going 
to school. Conversations wito pre«8choolers at home seem invariably 
to refer to numbers of items whan, numbers are mentioned (Corran, Note l) 
A ^asp nf logical necessity is more than mi ability to reason* 
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It ifl metaao^ltlve in ttiat It InTOlYes a reco^tion of different 
tn^e of aeeasoniaffp dtduotive and Indi^tiTe and an appraolation 

of the diffaranoes hatween the elosad, humanly conetrueted, coneaptizal 
syBtams of jure oathemtles md foCTal lo^o and the open syeteM of 
ajppliad seiencap natural and eoelal^,and ave^day life, Kirthemora 
it raquires an ability to U^stlngoish T?alid ftom tov^id reasoning. 
It fit^es no sense to talk of an unooMoioua frasp of lo^cal neoassity. 
It doas however p as the writer is palnrttlly aware ^ make senaa to say 
tttat someone has a grasp of logicri neoessi'^ hut has diffioTd.ty in 
escprassing >&at it is. For tois reason davislng a series of aKaaplea 
and nonaxas^les of reasoning \rtth concliaions aoeompanlad ^ logical 
neoesslty and Mklng peopla to olassl^ them may he a fair test. 

It is quite prohahle ^at not oai^ paople will pass suoh a test. 
Ihey may fall to reoogaize the dlfferanae hetwaen tiieoratloal solantific 
reasonlne and its application, ^s Is possibly an indie toant of the 
way soianca is tau^t in sahools. GOTfusions betwean logloal nacasslty 
mA psyeholo^cal certainty are also to be esrpactad as ara confusions 
betwaan the validity of raaso^ng and toe tmto of tha aoncluslon 
(Haiaa, 1962). ^ \ 

So what? ' \ 

Qq ttie ona Imnd lo^oal nacasslty is a complex concept , on liie 
otibar we e^eot children to grasp it at a fairly e«ly point In their 
leading of matiiematics. If thay do not frMp it toey would be 
justifiably puEElad at what aoimts for proof In geomatxy or the topresslve 
regulari'^ of arithmetic. Indeed thay think in a h^othetlcal way when 
they do Mltometie witiiout having objects to oomt and wl'Ui under- 
standing of what toey are dols^. ^ 
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Perhaps the dlstMtt for mathtoatiOB tJmt oa^ adulti still 
eatress sterna trom a lack of ej^liclt treatment of the aelf-contalned 
eloeed oyBtema aspects of pure nathenatlcs and lo^o in their education. 
mm well-meanlnc attests by teacheM to ffLve MtheMtloa concepts a 
pharalc^ form axm If anything likely to l^ede this appreciation, 

Finally how does the position adopted here relate to Pl^t? 
It nay be thou^t that there Is considerable disa^eement, certainly 
Iqr those who elalaf^that both children and Plaget re^ Qonservatlon 
as lo^cally necessa^ even In Its embodiment in a task (e.g. BbO.! & 
Eaye 1978). 

This however seems to be open to doubt and todeed so of 
the ideas in this paper are consonant with Ideas e^^ressed by Piaget 
that It Is not cleM that this Is a eri.tlftue. 

Haget (1952) makes the distinetion between lo^eal m& physleal 
neeesalty In Introducing the InteCTedlaay reactions of children to the 
task of conservation of eontJjauous qutntltys 

.Between tte children who fall to ff^asp the notion of conservation 
of quantity and those who assume It as a physical Mid logical 
' neGesslty, , . . (Plaget, 1952, p.lj) 

Just because concrete operational children mf^ not dlstlnffilsh between 
the logioa necessity of the conseCT-atlon conclusion In the proposltlonal 
fonn and toe validity of such a conclusion In tiie task does not mean that 
Kaget has ever been unaw^e of the distinction, Plaget (1971) discussed 
the ^dual development of toe feeling of the lo^csl necessity of 
tiMoaitlvlty but to claim toat he regwnls this as pertaining to the 
ta^ as opposed to. the proposltlonal. form is tmj^tlfiable. 
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Kaget 'Cta Offuber & YonSohe, 1977) eDTlieitly dealB with lo^eal 
neosislty and j^sloal lawes 

For a feneraa law la not, as trohi neeessaay, a© ehlld way 
veiy well dlgcoTer toe absolute ragularlty of a ^ven phyBical law 
(Bueh as tiiat ligit bodiea noat md that heavy ones aii&, etc) 
hut there Is no ^^sle^ aeceBBlty that oaa aeeount his eyes 
for thlB regulaiity, , , , , . Wiat oakes a law neeesBaiy In ova 
eyes Is its deduolbilityi a law Is neeessaiy if it oan be 
deduced with a suffioieat degree of logleal neoesslty ftoo 
mnother law, or from Buffiolent geometrioaL reasons. 

(Ganiber & Voneche, I977, pl49) 
to »ae Growth of Logleia TninklHg' DAelder & Pi^t (1958) distinguish 
between the child end the adolescent in terns of ttie foimer's lack of 
powers of rejection. Pen this reason alone children wo^d not be 
eaqieoted to appreciate logical necesBity, 

Hnally Plaget & Whelder (I9fi9) coment on training studies as 
follows I 

• •s.thase short-tem laamJjig prooessae btb insuffieiant to giye 
arlaa to tha operating structures or to acMava thosa closad aystams 

\ 

iMoh sake poesiMa a mathod ttaat may properly ba callad daduotlva. 

(Ms^t & Mialdar, 1969, PflOO) 

Oaa oaa ^a^a toat this ealeotlve quotation will allolt oontrovarsy 
m to wha,t Piagat ©var the yaare has or has not mamt to oonveyt Such 
aratrovarsy daaa^as ttie pejoratl% oomotations of •aoadeoic' as tha 
word iB used by people. Bie ^dimentri task for developaeatal psyohol- 
o^atB is not to undewitand' M.aget but to tmderstaad ohlltoen. 
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